In March 2014, Congress passed legislation delaying the phasing in of premium increases on discounted flood insurance policies that had been authorized in July 2012 by the Biggert-Waters Act. This reversal highlights the tension between risk-based premiums and affordability of flood insurance for homeowners in flood-prone areas. This study seeks to understand how the tension can be resolved using a voucher program coupled with required mitigation in Charleston County, South Carolina. It specifically focuses on home elevation as the mitigation method. Compared to a voucher for insurance alone, the joint program can reduce government expenditure on flood insurance vouchers by more than half when mitigation costs are around $25,000 and insurance policies are located in high hazard flood zones. In the most hazardous flood zones (V Zone), cost savings are achievable even when the cost to elevate the house is as much as $75,000. We found several conditions under which mitigation does not lead to reductions in voucher cost, such as when the policyholder's household income is below $10,000 or when elevation cost is unusually high.
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Introduction
The costs of natural disasters have grown substantially in past decades with floods being the most common and most expensive hazard. 1 The U.S. Federal Emergency Management Agency (FEMA) estimates that homes in high-risk areas have at least a 1-in-4 chance of flooding during a 30-year period. Total flood insurance claims averaged $4 billion annually from 2003 to 2012.
2 Flood-related damage is likely to increase in the future due to sea level rise (SLR) and more heavy precipitation events partly due to intense hurricanes (Knutson et al 2010) . Thus, the sustainability of the flood insurance market is important and salient to homeowners, policymakers and other stakeholders in the United States.
With the failure of the private market to provide flood insurance since the 1927 Mississippi floods, the federal government created the National Flood Insurance Program (NFIP) in 1968, housed within the Federal Emergency Management Agency (FEMA) . Under the program, about 20 percent of all insurance policies, mostly concentrated in flood-prone areas, are heavily subsidized (GAO, 2013) . Following Hurricane Katrina, NFIP found itself $18 billion in debt, leading Congress to pass the BiggertWaters Flood Insurance Reform Act of 2012 .
3 BW-12 would gradually increase premiums on discounted policies to full-risk levels for second homes and those subject to repetitive flooding. However, in March 2014, outcries from residents claiming they could not afford the new premiums led to the passage of the Homeowner Flood Insurance Affordability Act (HFIAA-14) that delayed or eliminated these premium increases.
This paper contributes to the discussion on how to resolve the tension between risk and affordability of flood insurance via application to Charleston County, South Carolina, a county vulnerable to both inland and hurricane flood risks. Specifically, the study seeks to answer the question: How would risk-based pricing of flood insurance impact its affordability in Charleston County? The question will be addressed in two parts. First, we seek to understand the impact of increasing premiums to reflect the full flood risk on a subset of existing NFIP policyholders in Charleston County South Carolina who live in Special Flood Hazard Areas (SFHAs) where the annual risk of a flood is 1-in-100 or greater, and whom are currently receiving a NFIP premium discount despite their location in a high flood risk area. We then explore how the government can help these policyholders mitigate risk and afford risk-based pricing of flood insurance by examining the theoretical application of a voucher program proposed by Kousky and Kunreuther (2014) .
The paper first overviews the NFIP and then proceeds to discuss the rationale behind risk-based pricing for flood insurance and the affordability challenges it presents. Focusing on Charleston County, South Carolina, we examine the magnitude of proposed premium increases on a subset of existing NFIP policyholders and then propose means-tested vouchers coupled with mitigation to address affordability issues in the area. We conclude with recommendations for future research.
Background of the NFIP
After World War II, homeownership increased dramatically in America, and new property development near riverine and coastal areas drove the demand for flood insurance. However, flood insurance was not widely offered by private insurance companies following large losses from the 2 Mississippi Flood of 1927 and Hurricane Betsy in 1965. Thus in 1968, the National Flood Insurance Program (NFIP)-an effort to provide government-backed insurance protection to Americans living in flood-prone areas-was established by Congress through the passage of the National Flood Insurance Act. Its intent was not only to provide flood insurance but also to discourage unsafe development in flood-prone areas and spur nationwide floodplain management. The program moved from the Department of Housing and Urban Development (HUD) to the Federal Emergency Management Agency when the agency was created in 1979. Local communities voluntarily opt into the program and adopt floodplain ordinances, which include building codes and minimum structure heights. In exchange, homeowners in participating communities can purchase flood insurance policies.
At the end of 2014 the NFIP has 5.55 million policies-in-force and $1.28 trillion in coverage nationwide, mostly concentrated in coastal states such as Florida, Texas, New Jersey, and South Carolina. Currently, a single-family residence can purchase up to $250,000 of building coverage (split by basic building coverage of $60,000 and additional coverage of $190,000) and $100,000 of contents coverage (split by basic content coverage of $25,000 and additional coverage of $75,000) (See http://bsa.nfipstat.fema.gov/reports/1011.htm). Premiums are primarily a function of the selected coverage limits, flood zone location, and the house's structural features such as the height of the lowest floor relative to the Base Flood Elevation (BFE). 4 Flood zone location is determined from Flood Insurance Rate Maps (FIRMs) issued by FEMA. All else being equal, premiums are highest for homes located in the high risk Special Flood Hazard Areas (SFHAs) comprised of aggregate flood zones A and V (see Appendix D for flood zone definitions and details). While both the A and V Zones are subject to a one percent annual chance of flooding, the V Zone is subject to the additional hazard associated with storm waves. In the SFHAs, flood insurance is mandatory for households with a federally backed mortgage, although FEMA estimates that lender compliance for this mandatory purchase is at most about 75 percent.
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Homes constructed after a community adopted a Flood Insurance Rate Map (FIRM) and flood guidelines must adhere to building codes and are structurally safer; these home have post-FIRM policies rated at full-risk. However, the NFIP allows for two main types of discounted policies associated with the adoption of the FIRM: pre-FIRM structures and property that is grandfathered. Pre-FIRM rates are based on limited underwriting information with premium discounts given to encourage greater participation in the program.
6 Grandfathered properties are those that were built in compliance with the hazard map in effect at the time of construction, and are allowed to maintain a lower rate if a new map moves them to a higher risk zone. The 20 percent of the 5.5 million policies-in-force (34 percent of all policies in the SFHA) that currently are discounted pay only 40-45 percent of the true full-risk premium (Hayes and Neal, 2011) .
Before Hurricane Katrina in 2005, combined annual revenues from discounted and full-risk premiums covered the annual average claims paid over the course of the program. However, with the historic amount of claims paid after Katrina, the program incurred debt that required borrowing from the U.S. Treasury and had accumulated to $24 billion by the end of 2012. In July 2012, Congress passed BW-12, renewing the NFIP for five years and changing the operation of the program in an effort to achieve financial stability. Specifically, provisions aimed to adjust rates to reflect true flood risk and end the practice of subsidizing policies so as to reduce the NFIP's debt over time. For non-primary, business and repetitive loss properties, rates were to increase 25 percent annually until they reach full-risk rate. For primary residences, rates were to increase to full-risk levels upon the sale of the property, renewal of a lapsed insurance policy, or repetitive flooding.
Although moving towards risk-based pricing makes economic sense for the program, premium hikes met strong political resistance even prior to the passage of BW-12.
7 Proponents of insurance subsidies include the National Association of Realtors, the National Association of Home Buildings, and local governments in Alabama, California, Florida, Louisiana, Michigan and Texas. On the opposing side were the Property Casualty Insurers Association of America (PCIAA), the insurance arm of the United Services Automobile Association (USAA), and environmental groups such as the National Wildlife Federation.
In March 2014, the Homeowner Flood Insurance Affordability Act (HFIAA-14) rescinded the BW-12 rate increases for primary residential policies and policies of homes under new ownership, reduced the annual percentage increase in premiums, and implemented a surcharge of $25 on all primary residential policies and $250 for other policies.
8 Under BW-12, premiums would have increased when discounted rates on subsidized pre-FIRM policies were phased out. More specifically, they would have increased by 20 percent a year until reaching full-risk levels for secondary homes in hazardous flood zones or homes that suffered repeated damages. HFIAA-14 slowed the rate of increase so that it will take almost 20 years to reach risk-based rates. Importantly, the law provided additional funding for a study on affordability of flood insurance that is currently underway by the National Academy of Sciences that is likely to make recommendations for pricing reforms in the NFIP that would be considered when it is up for renewal in 2017.
This paper takes the position that the NFIP should consider the guiding principles for insurance established in Kunreuther and Michel-Kerjan (2011) and elaborated upon by Kunreuther, Pauly and McMorrow (2013) . First, premiums should reflect true risk to correctly signal to individuals the dangers they face and encourage investment in cost-effective mitigation measures. Second, to address issues of equity and affordability, residents requiring financial assistance to purchase insurance could receive vouchers funded by general taxation instead of cross-subsidizing premiums. 9 The existing structure of discounted premiums in the NFIP currently provides misleading information about risk and potentially encourages excessive development in high flood-hazard areas instead of risk mitigation.
Application to Charleston County, South Carolina
South Carolina is a coastal state situated in the southeastern United States. It ranks sixth in the nation for the number of NFIP policies-in-force with more than 189,946 policies as of the end of To learn more about lobbying the issue, see Center for Responsive Politics' website www.opensecrets.org. 8 Section 3 states that policies can be renewed at subsidized rates; newly written policies can be issued and renewed at subsidized rates; for newly purchased buildings policy can be issued and renewed at subsidized rates. Section 4 restores grandfathered rates. Section 5 requires gradual increase of immediate increase to full-risk rates for subsidized policies, the annual increase for any individual policyholder cannot be more than 18%. 
Flood Insurance and Home Affordability in Charleston County
Based upon the Wharton Risk Management and Decision Processes Center's unique access to the NFIP policy portfolio, for our analysis we utilize the 57,235 NFIP policies collected across all occupancies (single-family residential, two to four family residential, other residential, and nonresidential) from the NFIP policy database as of December 31, 2012.
11 17,236 of Charleston's total NFIP policies (30 percent) are identified as pre-FIRM, and thus potentially a significant portion of Charleston policies could be subsidized. Of the 17,236 pre-FIRM policies, 78 percent (13, 395) Although the median household income ($50,289) in Charleston County is higher than the state average ($44,623), home ownership is costly for low-and middle-income residents because of high property values. According to a 2014 Housing Needs Assessment by the county government, a resident's income must be at least 181 percent of the county median household income to afford an average priced home in Charleston County (Charleston County Zoning & Planning Department, 2014) . The report also noted that premium increases could impose an additional financial burden on low-and middle-income homeowners.
Movement to Risk-based Premiums
Most pre-FIRM policies are currently subsidized and paying 40-45 percent on average of the actual risk-based premium (GAO, 2013) . Based on this estimate, an increase to risk-based premiums could have a significant impact on a homeowner's flood insurance premium to income ratio. To illustrate this point assume that a homeowner in the A Zone is currently paying 40 percent of the true risk premium using the median A Zone pre-FIRM in Charleston County of $1,113, or approximately 2% of Charleston's 2012 median household income of $50,289. The risk-based premium for this property of $2,783 would now be 6 percent of the median household income. Similarly for the V Zone, assume a homeowner is currently paying 40 percent of the true risk premium using the median V Zone pre-FIRM premium of $3,321, or 7 percent of the median household income. The risk-based premium of $8,302 would now be 17 percent of the median household income.
However, the exact magnitude of premium increase varies by homeowner, depending on key factors ranging from amount of coverage purchased to structural characteristics of a property. Thus, we estimate premium increases for a specific subset of individual SFHA pre-FIRM policies in Charleston Country in conjunction with the 2011-2012 insurance rating manuals, 12 aggregating the data for the A and V Zones in Charleston County. 11 Note, that when we reference the number of policies collected from the NFIP database this refers to individual policy records. For some (but not all) "two to four family" and "other residential" policy records, multiple policiesin-force are contained within an individual policy record. However, all individual "single-family residential" and "non-residential" NFIP policy records pulled from the database equate to a single NFIP policy-in-force. As our analysis below is based upon single-family residential policies, and in order to keep consistency across the various occupancy types collected, we simply utilize the number of NFIP policy records collected from the NFIP database. 12 Past flood insurance manuals can be found at http://www.fema.gov/flood-insurance-manual.
Representative Methods used to calculate risk-based premium for individual policies
The process of determining the premium increase for each selected pre-FIRM policy begins with understanding how flood insurance policies are packaged and priced. In 2012, a single-family residence could purchase up to $60,000 in basic building coverage and $25,000 in basic contents coverage. On top of basic coverage limits, a pre-FIRM single-family residence could purchase -at a higher rateadditional coverage up to $190,000 for building and $75,000 for contents. Thus, the total insurance available from the NFIP for a single-family home is $250,000 for building and $100,000 for contents. Insurance rates are assigned per $100 of building or contents coverage by FEMA's insurance manuals. Rates not only differ based on construction date (i.e., pre or post-FIRM), flood zone, occupancy, building type, and base flood elevation (BFE), but also for basic and additional coverage and amount of deductibles. Table 1 below details the process by which an agent would price a flood insurance policy in the NFIP regular pricing program. From Table 1 we follow only steps one to eight to determine premiums for this analysis. To specifically illustrate how the premium is determined for a pre-FIRM policy, consider Policyholder A, who purchased a policy in the A Zone with occupancy as single family, single story building with no basement. Like most pre-FIRM buildings, this building never received an elevation rating. We assume the policyholder purchased the full building coverage of $250,000 and contents coverage of $100,000, and assumes $1,000 of building deductible and $1,000 of contents deductible. If the policy became effective in 2012 but after October 2012, Table 2 details the NFIP rates from the October 2012 Insurance Manual that would be applied for pre-FIRM structures in the A Zone. Table 2 for a single-story home without a basement, Policyholder A's premium would be calculated as follows: $456 in basic building coverage ($0.76 per $100 of coverage, for the first $600 of basic coverage) and $1,463 in additional building coverage ($0.77 per $100 of coverage, for the next $1,900 of basic coverage). Basic contents coverage would cost $240 ($0.96 per $100 of coverage, for the first $250 of basic coverage) and $1,035 ($1.38 per $100 of coverage, for the next $750 of basic0 coverage). This totals to $3,194 in the base premium. Given the pre-FIRM deductible of $1,000 for building coverage and $1,000 for contents coverage, the deductible factor is 1.1 and increases base premium by 10% to $3,513.
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Pre-FIRM buildings are given discounted rates in the Insurance Manuals without regard to elevation because most pre-FIRM building never received elevation ratings. To understand how rates might change when subsidies for pre-FIRM building are completely removed, we re-priced the subsidized pre-FIRM policies with post-FIRM rates, assuming that post-FIRM insurance rates reflect true risk. We assume the building is at one foot below base flood elevation (-1 BFE) for Zone A and at BFE (0 BFE) for Zone V when applying the appropriate post-FIRM rates, since the Insurance Manual only provides post-FIRM rates down to -1 BFE in Zone A and 0 BFE in Zone V. It is likely many of that pre-FIRM properties will be more than one foot below BFE and thus our estimates of full-risk premium represent the lower bound of the possible premium increases Table 3 details the NFIP rates from the October 2012 Insurance Manual that would be applied for post-FIRM structures in the A Zone: 13 It is important to note that deductible factors for pre-FIRM and post-FIRM policies are different. For pre-FIRM policies, the standard deductible is $2,000 each for building and contents. In our example, Policyholder A has a deductible of $1,000 each for building and contents thus a deductible factor of 1.1 is applied to increase the premium base cost. While $1,000 of building and $1,000 of contents deductibles has a deductible factor of 1.1 in pre-FIRM, the combination has a factor of 1.0 in post-FIRM. In this post-FIRM rating table, elevation of the lowest floor above or below BFE in the left most column has now become a strong determinant of insurance rates, with the number of floors also now considered in addition to whether the building has a basement, enclosure or crawlspace. We return to our previous pre-FIRM policyholder with full building and contents coverage of $250,000 and $10,000, and $1,000 of building deductible and $1,000 of contents deductible. To estimate the potential premium increase, we re-price the same policy using the building and content coverage (top and bottom of Table 3 ) post-FIRM rates for -1 BFE highlighted in Table 3 .
Since in our example the building has 1 floor, we apply the building coverage rate of 4.40 for basic and 0.97 for additional, contents coverage rates of 2.74 for basic and 0.57 for additional, and 1.0 for post-FIRM deductible factor. Thus, the post-FIRM calculated premium for the A Zone's Policyholder A is $5,596 -an increase of $2,082 (or 59%) from the discounted pre-FIRM premium of $3,513. A similar approach was used if Policyholder A had the identical house in the V Zone where the key differences would be the cost of coverage amounts per relative BFE levels (see Table 4 for pre-FIRM and -1 BFE post-FIRM V Zone coverage rates). The determination of pre-FIRM and post-FIRM premiums for the A and V Zone homes is depicted in Table 4. 14 14 Again, from Table 1 we follow only steps one to eight to determine premiums. Thus the premiums calculated do not take into account increase cost of compliance coverage (ICC), Community Rating System (CRS) discount, and Deductible factor for $1,000 for building and $1,000 for contents deductible Total Premium (not considering, ICC fees, CRS discount, and federal fees)
Deductible factor for $1,000 for building and $1,000 for contents deductible Total Premium (not considering, ICC fees, CRS discount, and federal fees)
Sample homeowner with full building coverage of $250,000 and full contents coverage of $10,000, and $1,000 in building deductible and $1,000 in contents deductible federal fees. Based on FEMA: "ICC coverage is afforded for the increased cost to rebuild a flood-damaged structure to bring it into conformance with state or local floodplain management ordinances." ICC coverage purchase is required for all standard insurance policies and for residential structures, premium ranges from $5 to $30 in post-FIRM and $5 to $70 for pre-FIRM policies. Federal policy fee of $40 is charged for all new and renewal policies. CRS discount is provided for eligible communities (i.e., community in full compliance with NFIP). Table 4 shows that rates for basic and additional coverage are different within a flood zone, and this difference leads to different percentage increases in premium for a hypothetical pre-FIRM policyholder when the discount is phased out. Once again, consider Policyholder A in the A Zone who has purchased full building and contents coverage ($250,000 in building coverage, $100,000 in contents coverage), with $1,000 each in building and contents deductibles. As shown in Table 4 , the premium increases from $3,513 to $5,596 annually, or by 59% when moving from pre-FIRM to post-FIRM -1 BFE rates. If Policyholder A resided in the V Zone with an identical house to the one in the A Zone, the premium would increase from $7,785 to $19,218, or by 147%, as shown in Table 4 . Now consider Policyholder B who has purchased only basic building and contents coverage ($60,000 in building coverage and $25,000 in contents coverage) with $1,000 each in building and contents deductibles. If Policyholder B resides in the A Zone, the flood insurance premium would increase from $766 to $3,325 annually, or by 334%. If Policyholder B resides in an identical house in the V Zone, the premium would increase from $992 to $6780, or by 584%. 15 These examples reveal that for policyholders with a significant amount of additional coverage, the percentage change in premium going from pre-FIRM to post-FIRM will be smaller because of the relatively cheaper additional coverage rates for post-FIRM. However, for a policyholder with only basic building coverage the percentage premium increase, is much greater. How more coverage translates into relatively lower percentage increase in premiums can be further illustrated in Figure 2 which depicts how premiums net of deductible factors in the A Zone change as coverage increases. The black solid line represents the change in pre-FIRM as building coverage increases based on insurance rates from the October 2012 insurance manual. The gray solid line shows the post-FIRM premium as building coverage increases, using rates for buildings with one floor, no basement, and -1 BFE. We would expect to see change in the slope of the line at 600 on the x-axis, because that is the maximum basic coverage before additional coverage at a new rate kicks in. Figure 2 shows that the change in slope for pre-FIRM premiums is not dramatic -basic coverage costs $0.76 per $100 of coverage while additional coverage costs $0.77. However, for post-FIRM premiums, the change in slope of the line is more significant with basic coverage costing $4.40 per $100 of coverage while additional coverage costing $0.97. For the V Zone, we found a similar but more pronounced relationship between coverage and percent increase in premium. The dashed black line in Figure 2 illustrate that as rates increase to post-FIRM levels, policyholders with less coverage are more likely to face higher percentage increase in premium. Assume that policyholders purchase enough building coverage to insure their home value and that home value is five times their annual household income. Policyholder A with full coverage would have an annual income of $50,000 (one fifth of $250,000 in building coverage). Considering also the full contents coverage and $1,000 of building & contents deductibles, premium will rise from $3,513 to $5,596 per year or increase from 7.0 percent to 11.2 percent of household income. The A Zone Policyholder B with basic coverage would have annual income of $12,000 (one fifth of $60,000 in building coverage). Considering also basic contents coverage and holding deductible constant at $1,000 for building & contents each, premium will rise from $766 to $3,325, or increase from 6.4% to 27.7% of household income. Premium increases in the V Zone exhibited similar patterns in relation to coverage amounts. Across the board, the premium increase is significant in absolute terms but the higher marginal increase could impose unexpectedly greater burdens on lower-and middle-income families.
Relationship between amount of coverage and premium increase from pre-FIRM to post-FIRM
Selection of policies for risk-based premium calculation
We now apply the premium pricing process described above for representative home in the A and V Zones to a subset of Charleston policies. More specifically we selected pre-FIRM policies in zones A and V, single-family occupancy, no basement, and no elevation rating. As shown in Table 5 there are 5,423 policies that meet these criteria from the A Zone policies, and 293 policies from V Zone policies. We then calculated the pre-FIRM premiums for these properties using either the Oct. 2011, May 2012 or Oct. 2012 Flood Insurance Manual depending on a policy's effective date (e.g., apply Oct. 2011 manual to a policy with effective date before 5/1/2012, May 2012 manual to a policy with effective date before 10/1/2012, and Oct. 2012 manual to a policy with effective after 10/1/2012). We compared this calculated pre-FIRM premium against the actual premium in the NFIP database and included in our analysis only the 3,691 policies from the A Zone (68 percent of total 5,423 possible) and 263 policies from the V Zone (90 percent of total 293 possible) where the two premiums were within 1% of each other. Table 5 . Criteria applied to select Charleston policies for premium increase calculation (Highlighted section indicates candidate policies selected for premium increase calculation)
Calculated increase in premium for the A Zone
After calculating the risk-based premiums for the pre-FIRM A Zone policies, we found that 49% of the policies have premium increases between 41 to 100%, 30% of the policies have premium increases between 101 to 160%, and 13% have premium increases between 161 to 220%. The average percent increase in premium is 108% while the median if 99%. Figure 3 shows the distribution of percent increase in premiums for these policies. Given that the post-FIRM cost of additional coverage is lower than that of post-FIRM basic coverage as discussed in Section 3.2.2, we examined how coverage varies between policies in different ranges of premium increase in Table 6 . For the 633 properties whose premiums increase between 41% and 60%, the median building coverage is $250,000 and the median contents coverage is $100, 000 -the maximum amounts of insurance that could be purchased under the NFIP program. In addition, policies with premium increase between 61% and 160% have average and median building coverage close to the maximum $250,000. Properties that have building coverage below $200,000 had a much higher percentage increase in their premiums. Differences between basic and additional coverage rates could contribute to this trend: in the A Zone, pre-FIRM, basic building and contents coverage are relatively similar to additional coverage, while post-FIRM, basic building and contents coverage cost 4.5 times more than the additional coverage. 
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Calculated increase in premium for the V Zone
As shown in Figure 4 , less than 1% of the 263 V Zone pre-FIRM policies for which we calculated risk-based premium have premium increases between 41 and 100% of their pre-FIRM rates, 57% of the policies have premium increases between 101 to 160%, and 36% of the policies have premium increases between 161 to 220%. The average percent increase from pre-FIRM to risk-based premiums is 159% and the median is 151%. Focusing on coverage as one contributor to the variance in premium increase, we found a similar pattern similar to properties in the A Zone. As shown in Table 7 , those properties that have the highest percent increase in premium have the lowest average and median building coverage. Similar to the A Zone, there are two factors that explain this trend: For pre-FIRM policies in the Oct. 2012 manual, the premium per $100 of additional coverage is twice that of basic coverage for both building and contents. For post-FIRM rates, the reverse is true: rates for additional building coverage cost only 50% of basic building coverage, and rates for additional contents coverage cost 75% of basic contents coverage. 
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Conclusions on calculated premium increase and premium increase for other policies in Charleston
Of the policies selected for our analysis, premiums increased by 108% on average for the 3,691 pre-FIRM A Zone policies, and by 159% on average for the 263 pre-FIRM V Zone policies. The policies we selected do not represent all the policies that could incur premium increase in Charleston County if the NFIP moved to risk-based pricing. We only focused on 28% of the total pre-FIRM Zone A policies, and 46% of pre-FIRM V Zone policies in the county and these properties were single-family occupancy buildings with no basement where we assumed that their true-risk elevation would be -1 BFE. However, based on our analysis, it is clear that policyholders selecting the basic amounts of coverage would be most impacted on the margin by rate increases. For many of these policyholders it is likely these low coverage amounts are all they can afford given their low income or as much insurance as they require, given the value of their homes.
FEMA has estimated that about half of subsidized pre-FIRM policies in Charleston are primary residences which, under BW-12, could have kept their subsidy until sale, renewal of a lapsed policy, or repeated flooding.
17 Although BW-12 was structured in such a way that primary residents would not face premium increases immediately, many homeowners voiced concerns about the law's impact on property value since premiums would be risk-based at the time the house was sold, thus lowering the selling price of the house. Under HFIAA-14, a buyer can assume the prior owner's flood insurance policy and retain the same rates as the previous homeowner was charged.
Risk Mitigation and Affordability
Risk-based premiums create incentives for homeowners to invest in risk mitigation measures because insurance is cheaper for safer homes to reflect lower claims payments. For floods, the most effective mitigation method is house elevation; elevating a house a few feet can decrease its risk-based premium by 70 to 80 percent, saving homeowners thousands of dollars annually. However, elevation is expensive and inconvenient. The project takes 3 months on average, during which time homeowners must relocate. Costs can run from $25,000 to $75,000 depending on the size, type and location of the house.
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One solution is for the policyholder to obtain a low-cost loan from the government, spreading the costs of elevation over time.
Based on the trade-off between risk mitigation costs and premium reductions, Kousky and Kunreuther (2014) propose a voucher program coupled with loans for mitigation to address the affordability problem of flood insurance.
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The program has two key components: first, insurance premiums are based on risk; second, vouchers are used to offset both the premium and the cost of the loan for risk mitigation. The program is recommended only for houses in the A and V Zones and is meanstested using annual household income. In future studies, it will be important to determine the reasonable percentage of a household's gross income that should be allocated to flood insurance. Following Kousky and Kunreuther, we will assume the reasonable level to be 5 percent, so that a household earning $50,000 gross income per year is expected to contribute $2,500 to flood insurance. After the policyholder's $2,500 contribution, the voucher pays any excess flood insurance costs.
If the government provides insurance vouchers without requiring risk mitigation, a policyholder will have no incentive to elevate the house since the size of the voucher will be determined by a means test (e.g., 5 percent of gross income). The affordability program can be illustrated by focusing on representative Policyholders A and V characterized in Sect 3.2.2 under the assumption that they are now paying risk-based premiums.
Example 1: Zone A Policyholder
Representative Policyholder A would be paying a risk-based premium of $5,596 given that his house is one foot below BFE. 20 21 Assume the homeowner has an annual household income of $50,000 and contributes 5 percent of household income towards flood insurance with the voucher covering any cost about $2,500. As shown in Table 8 , if the homeowner does not elevate the house, the government pays $3,096 in insurance vouchers when the premium increases to full-risk levels.
Suppose Policyholder A's house was raised two feet so it is one foot above BFE, the risk-based premium would then fall to $839 based on the data in Table 8 . 22 Three cost scenarios are considered for elevation -low, medium or high cost. To elevate the building 2 feet, the low cost is $24,635, medium is $50,970 and high is $74,765. The costs are estimated based on FEMA's guide to flood risk mitigation for homeowners. 23 To elevate the home, the owner takes a 20-year, 3% interest loan and makes annual loan payments in addition to the reduced risk-based premium. When the elevation cost is low, the annual payment would be $2,494 comprised of $839 in premium and $1,656 in mitigation loan payment. Table 8 shows that at low and medium elevation costs scenarios, total cost for risk mitigation and premium is less than the premium paid for a discounted policy with no mitigation. Compared to a $3,096 voucher issued when there is no mitigation required, mitigation leads to greater cost savings when the elevation cost is at low or medium levels. In fact, if mitigation were to be required for a homeowner to receive a voucher, Policyholder A would not need to receive a voucher at all when elevation costs are low, since the loan cost and the premium would be less than $2,500. of $250 in basic contents coverage) and $90 ($0.12 per $100 dollars of $750 in additional contents coverage). Deductible factor for $1,000 of building and $1,000 of contents coverage is 1.0.
Example 2: Zone V Homeowner
Savings generated from risk mitigation are much greater in the V Zone. Even when elevation costs are high, the reduction in losses from risk mitigation creates enough savings in premium reduction to justify the investment. For Policyholder A, 24 elevating the house by 2 feet decreases risk-based premium from $19,218 to $5,304 per year as shown in Table 9 . 25 26 With no elevation, the voucher costs the government $16,718 and only $67,829 when elevations costs are high at $74,756. Table 9 . Voucher Costs to the Government in the V Zone without and with Elevation 24 As in Section 3, Policyholder A has $250,000 in building coverage, $100,000 in contents coverage, $1,000 each in building and contents deductibles, residing in a single-occupancy home with no basement and 1 floor. 25 For the V Zone, the insurance manuals only provide post-FIRM rates for -1 and 0 BFE. The cost of elevation assumes that the building is elevated 2 feet, but for the V Zone we used the available 0 BFE post-FIRM rates to calculate premium after risk mitigation. 26 The $19,218 in premium would be calculated as follows: $4,392 ($7.32 per $100 dollars for $600 in basic building coverage) and $7,068 ($3.72 per $100 dollars for 1,900 in additional building coverage). $2,388 ($9.55 per $100 dollars of $250 in basic contents coverage) and $5,370 ($7.16 per $100 dollars of $750 in additional contents coverage). Deductible factor for $1,000 of building and $1,000 of contents coverage is 1.0. The $5,304 in premium would be calculated as follows: $2,076 ($3.46 per $100 dollars for $600 in basic building coverage) and $1,178 ($0.62 per $100 dollars for 1,900 in additional building coverage). $1,090 ($4.36 per $100 dollars of $250 in basic contents coverage) and $960 ($1.28 per $100 dollars of $750 in additional contents coverage). Deductible factor for $1,000 of building and $1,000 of contents coverage is 1.0. As shown in Figure 5 , coupling the voucher with mitigation for property in flood zones A and V creates substantial economic savings to the homeowner and the federal government compared with a voucher for just insurance except in cases when the costs of elevating a property by 2 feet is high. Elevating the structure reduces future losses, increases its property value and makes risk-based premiums more affordable. 
Affordability Program across Income Groups
While the voucher program is generally cost effective for annual household income at $50,000 it becomes less financially attractive when household income falls below $10,000. 27 We applied the voucher program across the household income distribution by changing the amount of coverage for our representative Policyholder A in the A Zone and V Zone based on household income holding all other variables constant. More specifically, we calculated the corresponding post-FIRM premium at -1 BFE with no elevation and at +1 BFE after elevation, keeping the three levels of elevation cost constant and assuming that the government pays the annual costs of insurance and the mitigation loan costs that exceeded 5% of household income.
We determined the amount of insurance coverage for each income bracket by assuming that the property value of the house was five times annual income and that the homeowner purchase full insurance coverage up to the NFIP maximum of $250,000. In Charleston County, the median value of an owneroccupied house was $240,000 which is approximately 5 times the median income in the county. (See Appendix A for more details). Within each income bracket, we used the median income to determine the implied coverage amounts. For example, in the income bracket of $10,000-20,000, we used the median income of $15,000 to estimate home value so that building coverage is $75,000. Contents coverage is assumed to be in the same proportion as the building coverage is to maximum coverage available. Since $75,000 is 30% of the maximum building coverage of $250,000, we assumed the contents coverage will be 30% of the maximum contents coverage of $100,000. We then calculated the risk-based premium for a house at -1 BFE and when the structure is elevated two feet to +1 BFE assuming that the house has no basement, a single floor, single family occupancy and $1,000/$1,000 in building/contents deductibles. For simplicity, we did not account for ICC premium, federal fees and CRS discount in the premium calculations.
For the income bracket $10,000-20,000 with $75,000 in building coverage and $30,000 in contents coverage, the premium is $3,499 annually when the house is not elevated and $580 annually when it is elevated by 2 feet. Based on a median income of $15,000, the homeowner would be responsible for paying up to 5% of annual household income (i.e., $750) to cover annual insurance premiums and mitigation loan costs. The last row in Table 10 shows that elevation is a cost-effective option only when elevation cost is low, in which case the government is responsible for issuing a $1,485 voucher. If the cost of elevating the house by 2 feet is at a medium or high level, then the government voucher cost is lower if it only covers the excess insurance cost without requiring mitigation. Table 11 shows how the voucher program fares under each income bracket. When household income is greater than or equal to $50,000, we used $50,000 instead of a median to calculate implied home value and coverage. Coupling the voucher with mitigation in the A Zone is actually 1.5 times more expensive for the government than providing a voucher solely for insurance even when the cost of elevation is low if household income is less than $10,000. When median income is $15,000 or higher, then it is costeffective to mitigate when the cost of elevating the house is low. On the other hand, when elevation costs are high, raising the property by 2 feet is not cost-effective for all the income brackets considered. With medium elevation costs, the government will want to require homeowners with a median income of $50,000 to mitigate their homes as a condition for a voucher. When income is $50,000 or higher, the government will not have to incur a voucher cost if homes were elevated. The change in government voucher cost across income brackets is depicted in Figure 6 where one can see that the voucher cost decrease as annual income increases. When elevation is required as a condition for a voucher and the cost of raising ones house by 2 feet is low, then the government cost of a voucher program is lower for all incomes above $15,000 brackets than if it were issuing vouchers solely to cover insurance. In the V Zone, a voucher with a mitigation loan is always financially preferable regardless of elevation costs once income reaches $20,000 as shown in Figure 7 . As was the case for the A Zone, when annual household income is below $10,000 it is most costeffective for the government to offer a voucher without requiring mitigation. When annual household income is between $10,000 and $20,000, coupling a voucher with mitigation is less expensive for the government when elevation cost is low. For the $20-$30k and higher income brackets, requiring mitigation as a condition for a voucher is more cost effective even when the cost of elevating the house is high.
Aggregation for Charleston County
To estimate the size of a voucher program for Charleston County requires a detailed analysis of the income levels and distribution of households across flood zones. According to FEMA, 16%, of the 2012 NFIP policies-in-force in Charleston Country are subsidized. This amounts to 10,619 policies, which is a subset of the 17,236 pre-FIRM policies in the county across flood zones A, V and X. We do not have any information as to where these properties are geographically or their insurance costs if premiums were risk-based. As a starting point, we aggregated the voucher cost for the subset of pre-FIRM A and V Zone policies selected for premium increase calculations and extrapolated the results to other pre-FIRM policies in the A and V Zones.
Total program cost for the subset of pre-FIRM policies used for premium increase calculations
For each of the 3,954 pre-FIRM policies selected (3,691 in the A Zone and 263 in the V Zone), we calculated how much the voucher would cost the government with or without mitigation for low, medium and high elevation costs. It is important to remember the criteria we used to select the 3,954 policies for pre-FIRM calculation. First, we selected only pre-FIRM policies for homes with single occupancy with no basement and no elevation ratings in the A and V zones. Second, we calculated the pre-FIRM premium for these policies using the insurance manuals and compared the calculated premium to actual pre-FIRM premium and only examined policies where the difference between calculated and actual premium was less than 1%.
Because the NFIP collects no information on the policyholder's income levels, we assumed that a policy's building coverage is equivalent to its house value, assumed to be five times the annual household income. To test our assumption about the relationship between building coverage, home value and household income, we compared the distribution of these three variables in Charleston County. For building coverage and home value, more than 70% of policies have building coverage above $200,000 and more than 55% of homes in Charleston County have home values above $200,000. The distribution of home value does not correspond perfectly with the distribution of building coverage because it considers the entire county population as opposed to only the flood insurance policyholders. For home value and household income, we examined the distribution of home values corresponding to 5 times the household income. For example, the groups we considered are $50k or less in home value (corresponding to $10k or less in household income), and $50-100k in home value (corresponding to $10-20k in household income). The distribution of home value and household income are similar, especially in the lower income groups (see Appendix C for details on distributions). Table 12 shows the total program costs for the subset of 3,954 policies (3,691 in A Zone and 263 in V Zone) selected in Section 3. For instance, the first row of the table shows the aggregate voucher cost to the government when no mitigation is required. The cost of a voucher program without required mitigation for the 3,691 policies in the A Zone is $4.1 million, and $1.6 million for the 263 policies in the V Zone that we examined. In the A Zone when mitigation is required and elevations costs are low, the government can save $3.4 million in voucher cost by requiring mitigation; however, at medium and high elevation costs, mitigation becomes more expensive than offering vouchers alone. In the V Zone, the government pays less when the voucher is coupled with mitigation, regardless of elevation cost levels. The high number of properties in the A Zone relative to the V Zone drives the cost of the voucher program for this subsample. This is reflective of the overall characteristics of policies in Charleston County, where 67 percent of policies-in-force are in the A Zone, compared to 5 percent in the V Zone. Voucher with mitigation loan
Estimated total program cost for Charleston County
Our approach in estimating how much a voucher program could cost for Charleston County is to extrapolate the calculated costs for the subset of policies we examined to all the pre-FIRM A and V zone policies in the county. One should bear in mind that this is a rough estimate, because our subset consisted of single occupancy homes with no basement and no elevation rating, which not representative of all pre-FIRM policies. There are 13,395 pre-FIRM A Zone policies in Charleston, 3.6 times more policies than the 3,691 policies we selected. To extrapolate, we multiplied the A Zone costs under each voucher program by the factor 3.6. In the V Zone, there are 569 policies, 2.2 times more than the 263 policies we selected and this factor was used to estimate county level costs for the V Zone. Based on the county-wide cost estimates, the Total Program Costs summed from A Zone and V Zone is the lowest for vouchers coupled with a mitigation loan when elevation cost is low. However, when the total cost is examined by zone, the cost of Voucher + Mitigation Loan program is always less expensive than the voucher without mitigation in the V Zone. In the A Zone it is more desirable not to elevate homes when its costs are medium or high.
Several takeaways from these cost estimates are worth noting when designing a voucher program for Charleston County and perhaps other flood-prone areas of the country. First, a voucher coupled with a mitigation loan can cut the government's voucher cost by more than 60 percent when elevation costs are low. Second, even when elevation cost is high in the more hazardous V Zone, coupling vouchers with mitigation loans still leads to cost savings for the government. Cost savings are not achievable by elevating homes in the A Zone when costs of undertaking this investment are medium to high.
State-level Natural Disaster Programs in South Carolina
South Carolina currently has several programs to assist homeowners in purchasing insurance and fortifying homes against natural disasters that addresses issues of affordability. 28 The 2007 SC Omnibus Coastal Insurance Act created the Safe Home grants program for low-and middle-income homeowners to retrofit primary residences against high-wind and hurricane damages. Administered by the state's Department of Insurance, the program offers matching and non-matching grants depending on the recipient's household income and home value. Families making less than 80 percent of the county median household income and with home value below $150,000 qualify to receive up to $5,000 in non-matching grants. Families with income above that threshold and home value less than $300,000 are eligible for up to $5,000 matching grant. From 2008 to 2011, the Safe Home program awarded 2,500 grants totaling $12.1 million. Of the recipients, 63 percent qualified as low-income who received non-matching grants. Currently, the home grant does not cover flooding-related mitigation measures but could be a potential source of funding for homeowners looking to elevate homes in the future.
South Carolina also has several tax incentives for risk mitigation against natural disasters. The Residential Retrofit Tax Credit provides state income tax credits up to $1,000 for expenses incurred when retrofitting a home against natural disasters. From 2008 to 2011, 670 Residential Retrofit Credits have been claimed totaling $781,106. 29 The Excess Insurance Premium Tax Credit allows homeowner to claim up to $1,250 in income tax credit against excess premium paid on property and casualty insurances. Excess premium is defined as the portion of the premium greater than 5 percent of the taxpayer's annual gross income. Additionally, the state offers Catastrophe Saving Accounts, which are interest-bearing accounts not subject to state income taxes if funds are used for qualified catastrophe expenses.
Conclusions and Topics for Future Research
Accurately priced flood insurance policies and affordability for homeowners in hazardous areas are two conflicting and important aspects in the flood insurance market. Based on the proposal from Kousky and Kunreuther (2014) , we find that coupling vouchers with mitigation requirements, in this case 28 Information about South Carolina's programs can be found at http://www.naic.org/documents/committees_c_catastrophe_2013_south_carolina_presentation.pdf 29 These were the latest official figures we could obtain for South Carolina. For more details go to http://www.naic.org/documents/committees_c_catastrophe_2013_south_carolina_presentation.pdf elevating ones structures, is cost effective when the elevation costs are low. However, mitigation requirements do not always guarantee cost savings for the government, especially when household income is below $10,000, or when elevation costs are medium or high. The analysis also shows that separate eligibility criteria should be devised for A and V Zones because mitigation leads to greater premium reduction in the latter zone.
The study of affordability in Charleston County has raised several questions for further research. First, elevation is not feasible for all homes. For instance, the 150 year-old homes in Charleston's historic district cannot be elevated due to historical preservation regulations. Furthermore, the nonmonetary costs of home elevation, such as owner's lodging inconvenience during construction, should be accounted for in analyzing the total costs. Alternative mitigation measures, such as flood proofing the structure, should also be considered, although the NFIP does not currently provide premium discounts for such measures. 30 Second, an affordability program can be means-tested by home value instead of income. Based on our assumptions in Section 4, homeowners would contribute 5 percent of their annual household income towards flood insurance vouchers. If on average, home value is five times the annual household income, the 5 percent contribution would translate to an amount equal to 1 percent of home value. 31 Further research should seek to find the appropriate percentage of income or home value to define eligibility.
Finally, estimating voucher program costs requires considerations of more comprehensive methodologies. The methods in this study relied heavily on the relationship between coverage and household income for cost estimations. More sophisticated alternatives for larger aggregation across regions will be important for accurate cost-benefit comparisons between various policy options. 30 For more details on floodproofing measures see Laska (1991) . 31 In Section 4, we assumed that home value is five times the annual household income and insurance covers the entire home value. If a household earns $50,000 in annual income, its home value would be $250,000 based on the above assumption. 5 percent of annual household income is equivalent to $2,500, which is 1 percent of the $250,000 home value.
